URING the acute phase of SCI, the clinical status related to the cord is evaluated using measures of neurological function: typically, motor function and pinprick and light touch sensation. During rehabilitation, however, it is more common to evaluate activities of daily living including measures of self care, transfer (for exam-ple, to a bed or wheelchair), and ambulation. Over the last decade there has been considerable agreement with regard to how neurological and functional status should be assessed, with increasing uniformity in methodologies as adopted by international organizations. The relationship between the two most common methods of assessment, however, the ASIA/IMSOP procedures for evaluating neurological function 1 and the FIM for functional status, 25 remains poorly understood.
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we analyze data derived from the latter trial 7, 8 to investigate the relation of neurological function to the FIM. Using a statistical model derived from the NASCIS III data, we apply the model to neurological scores obtained in NASCIS II 5, 6 to obtain an estimate of the degree of functional recovery that would be predicted from use of MP in that trial.
Clinical Material and Methods

Patient Population
The patient population is comprised of patients treated in NASCIS III 7, 8 and NASCIS II, 5,6 both randomized controlled trials evaluating the efficacy of pharmacological therapies in the early hours postinjury. Standardized protocols for methods, timing, and qualifications of examiners, as well as for data collection and quality assurance, were in place throughout the trials. Our data are taken from the baseline (hospital admission) and 1-year (365-425 days from injury) follow-up examinations in both trials. Examinations were only performed by study personnel, all of whom had observed specifically designed training tapes or undergone hands-on training. Examiners were also credentialed in the FIM examination. 25 
Definition of Study Variables
Following are brief operational definitions of variables used in the present analysis.
Motor Assessment. Fourteen muscle roots were measured bilaterally as follows: 0, no contraction; 1, flicker/ trace of contraction; 2, active movement without antigravity; 3, active movement with antigravity; 4, active movement against resistance; and 5, normal. The expanded score ranged from 0, which indicated no motor activity, to 70, which indicated normal motor function.
Sensory Assessment. Twenty-nine spinal cord segments were independently evaluated using pinprick and light touch and were scored as follows: 1, sensation absent; 2, dysfunctional (including hypesthesia); and 3, normal. Each expanded score ranged from 29, which indicated no response in any segment, to 87, which indicated that all segments were normal.
Deep Pain Assessment. Six parameters (wrist, thumb, little finger, knee, ankle, and great toe) were tested for deep pain/pressure sensation and recorded bilaterally as: 1, absent; 2, decreased; or 3, normal. The expanded score ranged from 6, which indicated completely absent sensation, to 18, which denoted completely normal status.
Functional Independence Measure. The FIM measures 18 items in six domains: self-care, sphincter control, mobility, locomotion, communication, and social cognition; it provides an overall score of function ranging from 18, indicating the need for assistance in all areas, to 126, indicating complete independence. Patients are grouped into one of seven categories based on the extent of their need; this ranges from whether they require total assistance/ maximal assistance (help is needed but patient may assist 25% of the time), moderate or minimal assistance (patient can function between 50-74%, or 75% or more of the time, or needs supervision), modified independence (no need for assistance but requires devices), and complete independence. The communication and social cognition FIM domains were not used in this analysis because they were observed to be generally unaffected by SCI in our original analysis 7 and in the analyses reported in the present paper. The total score of the FIM without these items ranged from 13 to 91.
The estimated effect of MP on the motor score was obtained from the NASCIS II; we used the expanded motor function score. We selected patients in whom the time from SCI to the onset of treatment was within 8 hours of the injury (a value chosen because it was close to the median time to treatment demonstrated in that study and the time period shown in NASCIS II when MP is efficacious). 5, 6 
Statistical Analysis
Analysis of covariance provided estimates of the effect of treatment on the change in score from baseline, yielding estimates for those receiving treatment within 8 hours. In addition, this analysis was stratified by whether the injury was diagnosed as complete or incomplete in the emergency room. Both stratifications were planned in the study protocol.
To create a model for the association between motor score and FIM, we used results from NASCIS III, in which both expanded motor scores and the FIMs were determined in each patient. A model was then used to estimate the FIMs for individuals in the placebo-treated group in NASCIS II, as well as the corresponding FIMs that would have resulted if the patients' expanded scores had been equal to the mean estimated effect from this study. The difference provided an estimate of the effect of MP treatment on the FIM in NASCIS II. A more detailed account of these statistical methods has been provided (see Statistical Appendix).
Results
A summary of the neurological and functional variables used in the analysis is provided in Table 1 . Of 499 patients randomized to NASCIS III, 431 were alive and underwent 1-year follow-up examination; 8 of these 430 successfully completed an FIM and 429 a neurological examination. Discomfort or other medical emergency precluded completion of FIM or neurological exam in three patients. The level of dysfunction experienced at 1 year is also detailed in Table 1 . The comprehension and expression domains of the FIM were shown to be normal.
In Table 2 we report the Spearman rank correlations between 1-year neurological scores and 1-year FIM scores. Overall, motor scores showed higher correlation with each FIM score than did any other neurological parameter. Pinprick sensation score was the second most highly correlated variable followed by touch and deep pain sensation. The motor score correlations ranged from 0.705 (with eating) to 0.868 (climbing stairs). Not unexpectedly, measures of comprehension and expression showed very low correlations with all neurological parameters and were eliminated from the analyzed FIM subset.
In the first step in the analysis we used information obtained from NASCIS III to develop a regression calibration model with which to predict FIM scores from the expanded motor scores. Figure 1 shows a scatter plot of the relationship between the subset of FIM scores. Overall, there was a strong nonlinear relationship between the expanded motor score at 1 year postinjury and the corresponding FIM score. The lack of linearity resulted in large part from a lack of association with the FIM score in patients with 1-year motor scores between 35 and 60. A LOESS curve predicting FIM from the expanded motor score at 1 year accounted for 0.7715 (R 2 ) of the variability in the FIM (Fig. 1 ).
Also shown in Fig. 1 are 1-year FIM estimates for patients with complete and incomplete neurological injuries determined at baseline, as well as the distribution of baseline motor scores. The bar graphs in Fig. 1 show the NASCIS III distribution of 1-year motor scores by whether the injury was complete or incomplete. Cases with complete injuries provide most of the observations covering the full range of scores at 1-year follow up. Evidence of a linear relationship was more apparent in patients with incomplete injury but the number of observations was much smaller, especially in cases of motor scores lower than 30. Therefore, we used the single curve, based on all the data, as the regression calibration model for estimating the expected FIM. In additional analyses (not shown), we explored associations between FIM and expanded scores for pinprick, touch, and pain sensation, but none of these was as strong as the motor score in predicting FIM, nor did they improve the prediction based on motor scores alone; thus, they are not investigated further in this communication.
The nonlinearity of the relationship shown in Fig. 1 implies that the effect of treatment on FIM only depends in part on the motor score. Figure 2 shows the estimated change in FIM that was expected based on a 5.1 improvement in motor score, the estimated effect of MP treatment in all patients in NASCIS II, and the effects of motor improvement of 3.6 (complete neurologically injured cases) and 7.3 units (incomplete neurologically injured cases). Clearly, the greatest treatment effect-related impact of a given size will occur in individuals with motor scores in the range of 0 to 30 and 55 to 62. On the other hand, little treatment-related impact on FIM was demonstrated in patients with scores ranging from 40 to 50. Also shown in Fig. 2 is the distribution of motor scores observed at 1 year for placebo-treated patients with complete and incomplete injuries in NASCIS II. Most patients with motor scores in the 0 to 30 range had sustained complete injuries, and smaller treatment effects on the motor scores were observed. Among those with incomplete injuries, the mode was at 70, indicating placebo-treated patients with complete recovery in whom additional benefit from MP treatment was thus not attainable. Table 3 provides a summary of the muscle roots involved in the individual components of the NASCIS/ ASIA score as well as the corresponding spinal cord segments. In earlier work 14 we partitioned the expanded motor score into 1) level of injury and 2) the severity of injury at and below that level. Approximately 80% of patients had sustained a maximum-severity injury; hence, a cumulative sum of the maximum score provides an indication of the injury site. It appears that thoracic injuries resulted in the least estimated improvement in the FIM, whereas in cases of cervical injuries we might expect a greater change in FIM from a specified change in motor score.
Overall, 45.9% of patients with an MP-related 5.1-motor point improvement would gain six or more FIM points and 11.6% nine or more FIM points. Figure 3 provides histograms of the estimated mean change in predicted FIM based on the motor scores observed in placebo-treated patients from NASCIS II (stratified by complete or incomplete injury). In patients with complete injuries, the mean estimated FIM improvement produced by a 3.6-unit increase in motor score was 4.4, although the distribution appeared to be bimodal, with one mode of approximately two, and a second of five. In patients with incomplete injuries, a motor improvement of 7.3 would be expected to produce a mode for FIM improvement of 0, but this group consisted entirely of those placebo-treated patients with a perfect score of 70 at 1 year. The range of estimated improvement in FIM scores among remaining patients was 1 to 15, with a mean of 6.5 (3.9, if those placebo-treated patients with normal scores are included).
As shown in Fig. 3 , of patients with complete injury there were only two in whom no gains in the FIM were documented and there appeared to be two distinct patterns of recovery: 30 (36.1%) of 83 patients improved two or three FIM points and 46 (55.4%) improved five or more FIM points. Gains of more than eight FIM points were not demonstrated in patients with complete injury. Some of the patients (25 [40.3%] of 62) with incomplete injury in the placebo-treated group made a full recovery at 1 year, and we could not estimate a FIM change in them. Among all patients with incomplete injury, a treatment-related gain of six or more FIM points and a gain of nine or more (to a maximum gain of 15 [one patient]) was demonstrated in 13 patients (21%).
As shown in Table 4 our analysis-derived estimate was that 13.6% of patients with quadriplegia gained six or more FIM points as a result of MP therapy. The respective percentages for patients with paraplegia, quadriparesis, and paraparesis at 1 year were 20.9, 45.5, and 50%.
Discussion Unlike many medical conditions in which the severity of disease processes is measured directly (for example, by histology, tumor staging, or genotyping), acute SCI continues to be measured indirectly. Even when the spinal cord is visualized by radiography or magnetic resonance imaging, this is usually to aid in establishing diagnosis, and current magnetic resonance imaging findings add little to the neurological examination as an adjunct in prognosis. 23 There is no other quantification of anatomical, physiological, or cellular damage that enjoys common acceptance or practice. Spinal cord trauma continues to be assessed indirectly by examination of residual neurological function (typically motor function and pinprick, light touch, and deep pain sensation) with the same measures repeated at postinjury intervals to determine the extent of recovery. Postinjury functional status is also measured to assess the degree of recovery, and there has been considerable effort to standardize these outcomes in recent years, although they continue to suffer some problems of validity and generalizability. 1, 17 Measures of neurological function and functional status are related to each other in complex but still poorly understood ways. They have some relationship to each other as evidenced by the fact that both generally either improve or worsen together, statistically one predicts the other, and yet their relationship is far from perfect. In earlier work, we have shown that the relationship depends on how neurological function is categorized, which measure of neurological function is considered, and which activities of daily living are being analysed. Ambulatory and self-care activities, for example, were particularly dependent on the combined and additive effects of motor and sensory functions. 4 In the current analysis because we found that sensory measures added little to the statistical models, we focused on motor function recovery, which dominated the relationship with functional activity, as others have reported. 10 This is not to say that sensation is unimportant in functional recovery, but rather its added effects are difficult to identify in the statistical procedures used here.
There have been few attempts to compare neurological status and functional status, 16 and one analysis was seriously flawed when the authors reported a strong negative correlation between the two, almost identical ASIA and NASCIS, measures. 2 In our study, data obtained from the NASCIS III, in which investigators measured both neurological function by using ASIA/IMSOP criteria and functional status by using the FIM, were analyzed to determine further the relationship between these two parameters. The advantage of this dataset over others previously used is that all measurements were conducted using strict protocol devised for purposes of the clinical trials and using specially trained examiners. We also took advantage of new statistical procedures that were unavailable to earlier analysts.
Our analysis shows an even more complex relationship between neurological function and functional activity than previously thought. Previous work has suggested that the relationship between these two variables would be linear although of differing strength, 4 but in our new analysis we found that interpretation to be incorrect. To be sure, there are strong linear components, particularly demonstrated in cases of cervical and lower lumbar injuries. Overall, however, there were substantial degrees of nonlinearity, especially in patients with thoracic injuries in whom neurological recovery poorly predicts functional recovery.
This complexity has made our second goal in this analysis even more difficult. Publication of the NASCIS II led to questions about the clinical utility of results that were restricted to neurological function. Although there was little agreement on the preferred method of measuring functional activity when NASCIS II was designed, in hindsight it would have been preferable to use some direct measure of functional status. In this paper we have undertaken an ex post facto analysis by using models of the relationship between neurological and functional statuses derived from the NASCIS III dataset to estimate what degree of improvement in the FIM would be expected from the observed neurological improvement demonstrated in those MP-treated patients in NASCIS II. The FIM itself is an imperfect index to associate with neurological function because it measures disability rather than actual impairment-that is, it assesses what people actually do, not what they are capable of. 1 Therefore, it is influenced by factors that may be extraneous to the study of interest such as depression, older age, and other infirmities. The FIM may also be influenced by the relativity of architectural conveniences of individual homes: persons of the same functional ability but having a properly equipped bathroom may be assessed as functioning at higher levels than those with poorer-equipped facilities. Because of randomization, these potential confounding factors should not influence the comparisons between MP-and placebo-treated patients. They will, however, reduce the relationship of FIM with the neurological scores.
Because the relationship between neurological and functional status was neither a linear nor simple polynomial one, the LOESS estimator was used, but we also fit a number of alternate nonparametric regression models, including cubic splines representing a local third-degree polynomial function (data not shown). The use of some models led to very little difference in the estimates of FIM change from those shown in Fig. 1 , but others did result in somewhat different estimates of change in the slope, particularly in the region of a 1-year motor score above 40. This model-related instability cannot be completely explained, but it does reflect random variation about the fitted line, as well as the complex nature of the relationship between the two outcome measures, particularly in less severely injured patients. We also noted that the motor improvement score only measures one (the right) side of the body, a strategy followed in all NASCIS analyses to avoid overestimating recovery, by summing two highly correlate outcomes that occurs if both sides are summed. In the current analysis, however, use of one side underestimates the ability of the motor improvement score to predict FIM recovery.
Other limitations to this type of analysis also need to be considered. Assumptions must be made when taking data from one trial and applying them to another even when the two trials followed virtually identical protocols and the same population of patients was studied. Moreover, even though these are quite large trials in the context of neurosurgical studies, the number of patients within some subgroups is small and the results reflect a lack of precision. Although we analyzed trial data, the prediction of functional status based on neurological function is not a randomized comparison and small numbers can be problematic. Given these limitations, the present analysis should not be considered as a primary or even secondary outcome of the NACSIS II trial; rather, it is an attempt to estimate functional recovery. The results of NASCIS II continue to be reflected solely in the two primary reports of that trial. 5, 6 Our analysis shows that a quite mixed pattern of MPinduced recovery would have been expected in the FIM. Approximately 17.2% of patients would experience no improvement in FIM, and 47.6% would experience improvement of fewer than three points. On the other hand, recovery of six or more points was demonstrated in 18.6% and nine or more points in 9%, which is equivalent to a 10% recovery in the modified total FIM used in this study. In patients with complete injury, a gain of six or more FIM points was demonstrated in 12.1%, and in those with incomplete injury a gain of six or more was observed in 27.4% and a gain of nine or more FIM points in 21%.
How should we interpret the clinical importance of this type of change in the FIM? The FIM is scored in gross categories and the actual degree of patient-related benefit would depend on where recovery occurred. In the unlikely event that only one parameter was affected, a six-point recovery in "eating," for example (which is the first item in the self-care domain), would move a patient from "total assistance" (ability to perform Ͻ 25% of eating tasks or reliance on parenteral or gastrostomy feedings) to "complete independence" in feeding.
It is more likely that recovery in the total FIM represents recovery over several domains. A one-point improvement in the FIM across five items would represent important changes in a person's quality of life. For example, recovery of eating capability could be from a level of total assistance to one of maximum assistance (ability to perform 25-49% of eating tasks) with similar improvement in four other domains. This degree of improvement in the FIM is in accordance with the modest recovery in motor function scores demonstrated in NASCIS II and in the small number of patients who improved from one large category of motor function to another (for example, from quadriplegic to quadriparetic status). 5, 6 These data support the notion that an overall 5.1 improvement in the neurological motor score, which resulted from administration of MP within 8 hours of injury in NASCIS II, 6 would be associated with clinically mean- ingful improvement to the FIM had it been measured. Of course, 5.1 was the mean motor improvement score with a 95% confidence interval of 0.5 to 9.9, and no measurable MP-induced benefit on their FIM scores would have been demonstrated in some whereas in others greater benefit would be apparent. Similar variability occurs in patients with complete and incomplete injuries. It is neither possible nor necessary to identify these groups of patients further. The results of a randomized trial only confer a likelihood of benefit on an individual patient; they never guarantee it. Clinical trials always undertake an investigation of risk and benefit, and the possibility of complications resulting from high-dose MP must be considered. There has been some comment since the publication of NASCIS II that high-dose steroid therapies pose substantial risk to the patient. These comments are speculative, having been based on historical controlled or uncontrolled small series of patients, 12, 13 pharmacological kinetics, 22 and results obtained in animal studies, 24 and they did not present new data. 15, 18, 19 A systematic review and metaanalysis of the SCI trials does not provide any support for the notion that high-dose MP substantially increases risk for mortality or major morbidity. 3 In a long-term follow-up study of patients investigators failed to find any evidence of avascular necrosis. 26 Sauerland, et al., 21 in another recent systematic review and metaanalysis of 51 randomized surgical trials in which high-dose MP treatment was compared with placebo or nothing, provided further reassurance of safety. These trials involved elective, trauma, and spine surgery, and the authors concluded that the surgical procedures were of comparable severity and risk; and their analysis was of steroid-not surgery-related complications. They found no evidence of any increased risk of gastrointestinal bleeding, wound complication, pulmonary complication (for which MP was significantly protective), or death. The numbers of patients who need to be treated to result in one case of harm were 333 for gastrointestinal bleeding, 100 for wound complication, and 29 for pulmonary complications. In discussing these results the authors conclude, "...some nonrandomized studies have described serious complications after glucocorticoid administration, such as pneumonia. However, these findings can mainly be explained by the selection of more severely ill patients into an MPSS [methylprednisolone] treatment regimen." 21 Whatever improvement in functional activity is associated with high-dose MP, the most reliable current evidence from properly randomized trials suggests that it is not accompanied by significantly increased risk of adverse effects.
Statistical Appendix
The outcome compared among the treatment arms of each NASCIS trial was established in the protocol as the change in the overall ASIA score from that obtained at baseline. In addition, the NASCIS II protocol required a comparison of efficacy for early and late initiation of the treatment protocol, which although not explicitly defined in the original proposal, was implemented using a whole number near the median time observed. Therefore, results were reported by whether the patient received the initial bolus within 8 hours of injury. No other time window was analyzed. The study protocol also required an analysis in which patients were stratified by whether neurological injury was diagnosed as complete or incomplete in the emergency room. This was accomplished using the PROC GLM procedure in SAS, which allowed for the fact that this was an unbalanced design. 20 Regression diagnostics revealed that random error had a peculiar distribution that was not normal and that the variance was not homogeneous, thus raising a concern that the variances produced by the software were incorrect. A bootstrap technique was used to validate the estimated standard errors; 11 however, no substantive differences were found. The results from the original analysis of covariance are reported because these are likely to be most easily understood by the widest audience. The FIM scores were not obtained in the patients in NASCIS II, but this was added as an additional measure of treatment efficacy in NASCIS III. We noted in the body of the text, and it can be seen in Fig. 1 that although there is clearly a strong correlation between the overall ASIA score and the FIM, the form for that relationship is not linear. Additionally, because it appears not to follow the shape of a low-order polynomial, nonparametric regression methods were used to describe the relationship quantitatively between the expanded motor score and FIM. The LOESS method used to quantify the relationship between FIM and motor score has the advantage of being able to find an optimally fitting line, without specifying the mathematical form for that line. Thus, the shape of the line is essentially determined by the data. The LOESS method uses locally weighted regression for the values on the x axis, which was the motor score in this study. Weights are defined in a way that results in a fitted FIM, ŷ (x), at a given motor score, x, which depends primarily on the motor scores that are close to it. The weighting is also designed to provide a robust estimate of the fitted line-that is, the fitted line avoids being overly influenced by outlying observations. The method was implemented using SAS/INSIGHT. 9 The fitted line showing the estimated relationship between FIM and motor score at one year after SCI is displayed in Fig. 1 .
To estimate the change in the FIM that would be expected from a specified improvement in the motor score, let ⌬x represent treatment-induced change. If x is the 1-year motor score for a placebotreated patient, then one would expect the observed improvement in FIM to be described by the following: ⌬ŷ (x) = [ŷ (x ϩ ␤x) Ϫ ŷ (x)]. Figure 2 provides estimates of the change in FIM produced by the overall mean estimate of the effect of MP (⌬x = 5.1), as well as the estimated effects in patients with complete (⌬x = 3.6) and incomplete (⌬x = 7.3) injuries. Also shown in Fig. 2 is the distribution of 1-year motor scores for placebo-treated patients with complete and incomplete injuries. In some of those with incomplete injuries, scores at the maximum were demonstrated and no further treatmentinduced benefit for this measure could have been expected.
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